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Abstract: With the extensive industrial growth driven by the Fourth Industrial Revolution and the excessive use of fossil fuels,

greenhouse gas emissions have accelerated global warming. Energy harvesting technologies have garnered significant attention

as a potential solution to this issue. Among them, triboelectric nanogenerators (TENGs) have emerged as promising candidates

for energy collection and conversion. However, TENGs typically face limitations in providing an efficient energy supply due to

their high output voltage and low output current. To overcome these challenges, numerous studies have explored various methods

to enhance the output performance by increasing the surface area of the triboelectric materials. Herein, we report a high-output

TENG fabricated through a simple scratch process. By utilizing sandpaper, typically used for abrasion or polishing, the surface

roughness of the triboelectric material PFA was increased through surface scratching. The surface-engineered TENG, prepared

through this simple and rapid process, demonstrated enhanced output characteristics with a voltage of 276 V and a current of 72

HA, showing a 21% increase in voltage and a 41% increase in current compared to the non-engineered counterpart, providing

sufficient energy to power an LED. These results indicate that the scratch-based surface modification process using sandpaper

offers an effective solution for improving triboelectric output performance, establishing TENGs as a key contributor to

sustainable energy supply.

Keywords: Simple scratch process, Triboelectric harvesting, Sustainable energy supply
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Fig. 1. (a) Schematic representation of the complete manufacturing process for surface-engineered TENG, (b) a photograph of the actual
surface-engineered TENG device, displaying its flexible structure with visible arches, and (¢) SEM image of surface engineered PFA film.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 38, No. 3, pp. 324-329, May 2025: Heo and Hwang

)
[‘II‘
o
o
i)

2
in)
=

Ui E& ofo] 32 mhejida}
Cha Fojd 4 9lout,

EM o]n]x] S &3l F-3i5}

u:_{)
%

—_ =

z Fl
b=l
o

s 2

o [
v
ogh
oz
1o
o
ne
ox.
rlo

o
o=
ik

e

2

o)

[

S

9]

X
1k
ro
ol
o
>
30 ©
oo

L opgRy] wAe) SA 42lE uot A
513 9k, obkAly] Aol S&t oAU EL 3
DCoH ARl E R Lo], B A 7olA

sHitt. o] WA o)

|
<

of N q
&
Ir

o
o 8oy O
o
ol

>l e 2 o
Jt*
M
i)
Ha
[yl
il
)
ofo

Qié’érﬁ

ne 3
2

WA BE A5 g, oo BE 5 R
= oAt g5 A
Hefoll A &0l ol 2oiAH nha
AL zolo] ojf B FRAH BT Y
= st SRt MR B
d % 2(a) 742 ofulA] o]

A UERdTh 73 2(a)-iit O EAP BEE 5 2
= el Yero, o] spgolA A715 F4o] Al

2

Lok A ok o o
N O 2

N o -
A o £
ot |
oX o
o » o
o ®
u U
=) rr
o

o

|2

4

(@)

i) Contact mode

* .

ii) Separation mode

a7
Au electrode PFA
(b) Planar Surface (C)
300 80 Planar Surface
-~ Rough Surface 60 ——Rough Surface
s <
200
2_ 5 40
(‘D 20
o 100 c
S g o
o 5 -2
> 0 o
-40
-100 60
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (sec) Time (sec)
(d)3°0 Rough Surf: (e) @ Rough Surface
=@=-Rough Surface —20 XY
250 || ~@—Planar Surface 3 @ Planar Surface g
s £1s
< 200 = ° °
2 :
150 1.0 9
8 o o ©
S 100 s ° @ 0
> x 0.5
50 3 s L °3
. S ooho 00 8

10°  10*  10° 10° 107 10° 10° 10 10°  10° 107 10®  10°
Resistance(Q) Resistance(Q)

Fig. 2. (a) Principle of triboelectric generation, (b) open-circuit
voltage, (c) short-circuit current were measured to compare the
triboelectric output performance between the surface-engineered(W/)
and non-surface engineered(W/O) PFA film, (d) the measured
absolute peak voltages under different load resistance varying from 1
kQ to 500 MQ for TENGs without surface engineered and with
surface engineered, and (e) the peak powers calculated from
multiplying the peak voltage and load resistance for TENGs without
surface engineered and with surface engineered.
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